Background and Purpose The purpose of this study was to predict the functional outcome at 1 year of first-time stroke patients aged younger than 75 years in relation to the severity of stroke and demographic characteristics.
M uch work has been performed to derive rules for predicting stroke outcome, such as those reviewed by Hier and Edelstein. 1 The predictors commonly studied have included impaired level of consciousness, extent of stroke, and neurological weakness, while demographic variables often have not been examined.
Because several of the clinical indications found to be predictive of outcome (such as early coma and paralysis) can be regarded as markers of the severity of the stroke, multivariable methods such as multiple logistic regression have been used to derive rules for prediction that efficiently combine the information from the severity indicators. Gladman et al 2 validated five previously published multivariable models 3 " 7 on 102 consecutive stroke patients admitted to the hospital. Prediction was considerably less accurate than that found in the original studies. Prediction for 3-month mortality had accuracies of 75%, 4 75%, 5 and 50%, 3 which were not convincingly better than the 65% accuracy achieved by initial level of consciousness alone. When predicting good versus poor outcome at 3 months, urinary continence at 4 weeks, known for many years to indicate a more severe stroke, had greater accuracy (89%) than the predictive score assessed at 4 weeks (76%) 7 and performed much better than that assessed at 1 week (38%). 6 There have been few prospective population-based studies of stroke survival and even fewer of other outcomes such as disability, although these have important advantages 89 over the hospital case series that tend to miss some of the milder cases. One such study found that early urinary incontinence predicts poor outcome at 6 months in a population-based study of 532 patients. 10 Another study found recovery in survivors between 3 weeks and 6 months to be predicted 1 week after stroke by urinary incontinence, functional ability, sitting balance, and age. 11 Analysis of the relation between demographic factors and disability might assist health authorities and planners to assess the resources required for the health care of stroke survivors and thereby allow more efficient long-term planning of services. For individual patients predictors that reflect the initial severity of the stroke might help medical staff to advise the patient, the patient's family, and rehabilitation services on the likely outcome.
Several large hospital-based studies have already examined predictors for mortality after a stroke, of which the largest recruited more than 4000 patients 12 and found the most significant indicators to be cerebral infarction, increasing age, low level of consciousness on admission, and a history of cardiac disease. Additionally, the influence of demographic variables and severity indicators on the survival time of a population-based sample of stroke patients has previously been studied. 13 In this study we examine patients' disability 3 months and 12 months after their stroke as measures of "medi-urn-term" recovery, identifying factors that predict disability among surviving patients and examining the changes in disability that occur within the first year of a stroke. 13 were used in this study; details of the criteria for registration and the methods used are given by Wolfe et al. 13 Indicators of the severity of stroke at the time of maximum impairment within the first 24 hours (full coma as defined on the Glasgow scale, 16 the presence of paralysis, and whether the patient had a speech or swallowing problem) were recorded. Urinary incontinence within 72 hours of the stroke was also recorded as an indicator of severity, and any patients having a urinary catheter inserted within this time were considered to be incontinent. Patients who died on the day of their stroke were considered to have been comatose. If the patient had been comatose, unless otherwise indicated it was assumed that the other indicators of severity had been present. Demographic data collected included the patient's age, sex, district of residence, ethnic origin (white, from an ethnic minority, or mixed), and whether the patient lived alone before the stroke. Disability before stroke was assessed by the research assistants using the Barthel 20-point index for activities of daily living, which represents the sum of the patient's ability to perform each of 10 everyday tasks (such as walking and dressing).
Subjects and Methods
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This scale was interpreted in accordance with previous studies 1019 as follows: 0 to 9, severely disabled; 10 to 14, moderately disabled; 15 to 19, mildly disabled; and 20, functionally independent. These ranges are similar to those identified by Wolfe et al 20 as corresponding closest to the Rankin scale for handicap. 21 The same information was recorded for all patients at 3 months and 12 months after the stroke, with the 12-month follow-up being undertaken only for patients resident in West Lambeth and Tunbridge Wells who were registered during the first year of the study.
Statistical Analysis
The distributions of demographic characteristics were compared between the three districts of residence using the x 2 test (ethnic origin and whether living alone) and the KruskalWallis test (age).
Statistical models were calculated using logistic regression to identify predictors of moderate or severe disability at 3 months and 12 months after their first stroke among those patients who survived to the follow-up assessment. Nine (2%) of the patients assessed at 3 months were already moderately or severely disabled before their first stroke; they were excluded from the analysis because there would be additional comorbidities influencing their outcome.
First, the associations of demographic variables (age, sex, district of residence, ethnic origin, and whether living alone before the stroke) with disability were examined individually. The initial indicators of the severity of the stroke were then examined both with and without adjustment for the demographic characteristics. Finally, both forward and backward stepwise procedures were used to select predictors jointly and independently associated with disability (P<.01). Results presented are the odds ratio, the 95% confidence interval for the odds ratio, and the probability value for the association with disability. The sensitivity and specificity of predictive rules were assessed, excluding patients when the status of a relevant variable was not known.
The change in Barthel index between 3 and 12 months after stroke was examined as a continuous variable using nonparametric tests, because there were too few patients who moved into or out of the "moderately to severely disabled" category for the effective use of logistic regression.
Results
Six hundred thirty-nine cases of first-time stroke were registered in the study: 220 over 2 years in West Lambeth, 183 over 1 year in Lewisham & North Southwark, and 236 over 2 years in Tunbridge Wells. The overall distributions of demographic variables and severity indicators are shown in the first column of Table 1 .
The median age at the time of stroke was 67 years, and the proportion of men was 56%, with no differences between the districts (P>.l). The proportion of patients living alone before their stroke was slightly higher in West Lambeth (34%) than in the other districts (25% and 24%) (P=.O3).
In terms of ethnic origin 542 patients were white, 52 were Afro-Caribbean, 6 were African, 10 were from the Indian subcontinent, 2 were Chinese, and 27 were mixed or not known. Altogether 70 patients were from ethnic minorities (23% in West Lambeth, 10% in Lewisham & North Southwark, and 0% in Tunbridge Wells; P<.001).
One hundred ninety-five patients (31%) died before follow-up; mortality at exactly 3 months was 194 (30%), of whom 47 died on the day of the stroke and an additional 112 within 3 weeks.
Four hundred one patients were given a "3 -month" assessment of disability, 80% of which were within 4 months. Nine of these patients were excluded from further analysis because they were disabled before their stroke. Twenty-four patients could not be given a 3-month follow-up assessment because their strokes were registered after a delay of more than 6 months. For 5 patients who were followed up, a full assessment of the Barthel index was not possible. Another 14 patients were not assessed (5 in West Lambeth, 3 in Lewisham & North Southwark, and 6 in Tunbridge Wells), of whom 2 had moved abroad, 2 had severe cognitive impairment, 1 was homeless, and 9 were alive but could not be traced. Table 1 shows the outcome of patients at the 3-month assessment, broken down by demographic characteristics and indicators of severity of stroke. Thirty-four patients (9%) had severe disability, 60 (15%) had moderate disability, 91 (23%) had mild disability, and the remaining 207 (53%) were functionally independent.
The significance levels of the association of demographic variables and severity indicators with moderate/ severe disability were assessed individually ( Table 1) . None of the demographic variables was significant at the 5% level, although the results did suggest a worse outcome for those aged 70 to 74 years (P=.O56). The significance levels and odds ratios were similar when these variables were simultaneously adjusted for each other using multiple logistic regression. The associations with four of the initial severity indicators were highly significant: paralysis, urinary incontinence, speech problems, and swallowing problems (P<.001). These associations were similar when adjustment was made for the demographic variables, with adjusted odds ratios of 5.71 for incontinence, 3.06 for speech problems, 2.81 for swallowing problems, and infinity for paralysis (because all the patients disabled at 3 months had initially been paralyzed).
To test whether demographic variables might influence the predictive value of severity indicators, the combined interactions with each indicator were examined and in each case found not to be significant (P>.1).
Incontinence, which had 60% sensitivity and 78% specificity, was the only initial severity indicator with both sensitivity and specificity for moderate/severe disability greater than 50%. A multivariable prediction rule was then derived by logistic regression using forward and backward stepwise selection of predictors. Under both procedures the selected predictors were initial paralysis, incontinence, and swallowing problems (Table 2) , with jointly adjusted odds ratios of infinity, 4.73, and 1.81, respectively.
For example, if sensitivity and specificity are considered to be equally important, then it is appropriate to predict disability when there is initial paralysis together with either incontinence or swallowing problems; the estimated sensitivity and specificity for this prediction rule are 67% and 69%, respectively (excluding 10 patients whose relevant data were not known). Alternatively, prediction could be made only when both paralysis and incontinence were present, giving a sensitivity of 58% and a specificity of 81%.
Two hundred twenty-five patients suffered their first stroke in the first year of the study and were resident in West Lambeth or Tunbridge Wells; they were therefore registered for an assessment at 12 months (109 patients in West Lambeth and 116 in Tunbridge Wells). One hundred twenty-four of these patients were given a "12-month" assessment of disability, 71% of which were within 14 months of the stroke. Eighty-one patients (36%) died before follow-up. One patient was followed up but had been disabled before her stroke, 10 patients were followed up but their Barthel score could not be fully assessed, 2 patients had their stroke registered after a delay of more than 18 months, and 7 patients could not be assessed (2 had moved abroad, 1 had severe cognitive impairment, and 4 could not be traced).
Twelve months after the stroke, 14 patients (11%) had moderate or severe disability, 28 (23%) had mild disability, and 82 (66%) were functionally independent. The distribution of outcomes and the associations with disability for the severity indicators are shown in Table 3 . As with disability at 3 months, incontinence was the only initial severity indicator with both sensitivity and specificity greater than 50% (62% and 82%, respectively).
Of the 124 patients assessed for disability at 12 months, 15 had been given no 3-month assessment (in most cases because of a delay of at least 3 months in notification of the stroke). The changes in disability status of the remaining 109 patients are shown in Table  4 . There was no evidence of a general change in Barthel index (P>.1, two-sided Wilcoxon test). The associations of change in Barthel index with demographic characteristics and with severity indicators assessed at 3 months were examined, and only paralysis was found to be significant at the 5% level (P=.04, Mann-Whitney test).
Discussion
There is increasing recognition of the importance of research into the risk factors for mortality and disability after a stroke, as indicated by the recommendation from the UK Department of Health that purchasers of health care services should identify and monitor indicators of stroke outcome, such as a reduction in disability. 22 This study evaluates the power of five simple and routinely assessed indicators of the severity of a stroke to predict the medium-term outcome for an individual patient in terms of functional ability 3 months and 12 months after stroke. This may allow appropriate advice to be given to the patient, the patient's family, and the rehabilitation staff on the amount of support likely to be needed.
The stroke registers used in this study were primarily designed for examining "avoidable" mortality due to stroke; they therefore registered only patients aged younger than 75 years at the time of stroke. Including older patients in the study would require accurate adjustment for disability and comorbidities before stroke. The Barthel index of activities of daily living was used as a measure of functional disability because it has been widely validated and used for assessing stroke outcome, especially in the United Kingdom. 18 ' 23 Only 39% of patients had an initial computed tomographic scan compared with nearly 90% definitive diagnoses of type of stroke in other smaller recent prospective registers. 912 The only prospective population study since the early 1980s to report a comparison of poststroke functional status among survivors found no significant difference between stroke types at 12 months. 24 Disability at 3 months was not significantly associated with any of the demographic variables analyzed .259
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(P>.05).
Although the results do suggest that patients aged older than 70 years and those from ethnic minorities may be more disabled, studies covering larger numbers of patients from ethnic minorities would be required for confirmation. The results changed very little when simultaneous adjustment was made for all the demographic variables. Initial coma is already known to predict death for stroke patients, 13 and in this study only 7 such patients survived to be assessed at 3 months. The other four initial indicators of severity of stroke were all highly significantly associated with disability at 3 months. This applied also when adjustment was made for demographic characteristics, showing that these results are unlikely to be sensitive to the age, sex, and ethnic distributions of the sample of patients.
The "infinite" estimated odds ratio for paralysis simply reflects the fact that of the 21 patients without paralysis, none were disabled at 3 months. Initial incontinence was the only indicator that had both useful sensitivity (60%) and specificity (78%). The multiple logistic regression model (Table 2) had very little more inherent accuracy but was more flexible in being used to derive a prediction rule with both sensitivity and specificity close to 70%, should this be considered more suitable for clinical purposes. The values for sensitivity and specificity given here have been calculated from the same data that were used to derive the rules; it is likely that the rules for prediction developed in this study will be slightly less accurate when applied to other groups of patients.
The Barthel index was used in this study because of its well-established validity 1118 and efficiency. 25 Some 1 (13) 18 (82) 3 (4) 23 (21) Functionally Independent 1 (25) 1 (13) 2 (9) 72 ( by guest on April 19, 2017 http://stroke.ahajournals.org/ Downloaded from patients with cognitive defects that did not affect their activities of daily living may have been identified as functionally independent, but this does not imply their normality.
In the current study the types and extent of the stroke were not able to be assessed. Although no mechanisms for the predictive power of initial incontinence are proposed in this article, previous work has shown an association, in 20 stroke patients, between urinary incontinence several months after stroke and injuries to the basal ganglia and to the frontoparietal lobes. 25 Another study of 54 stroke patients failed to show an association between incontinence 1 month after stroke and the type or size of cerebral lesion. 27 There was little change in disability state between 3 and 12 months after stroke among those who survived to their 12-month assessment (Table 4) , and therefore it was to be expected that the severity indicators should predict disability at 12 months nearly as well as they predicted disability at 3 months.
Easily assessed predictions of disability at 3 months are given both by the patient's initial incontinence and by the patient's initial incontinence plus paralysis.
Previous work has shown how little rehabilitation therapy was typically given in the United Kingdom to stroke patients in the community. 18 The prevalence rates of poststroke disability found in the present study again demonstrate the size of the problem for medium-term care and therefore the importance of appropriately allocating rehabilitation services. Population-based stroke registers can collect basic information for this purpose, as shown by the use of simple rules for predicting disability.
